Summary.
Antisera raised against neuron specific enolase (NSE), substance P, vasoactive intestinal peptide (VIP) and tyrosine hydroxylase (TH) were used to reveal nerve fibres in the wall of the canine small and large intestine.
The circular muscle of the colon was innervated by nerve fibre bundles that ran parallel to the muscle throughout its thickness. A plexus of fibre bundles was found against the inner (submucosal) surface of the circular muscle. Fibres with substance P, VIP and TH immunoreactivity all contributed to this innervation.
The circular muscle of the small intestine was distinctly separated into outer and inner layers by a dense plexus of nerve fibres, the deep muscular plexus. The outer and inner circular muscle were innervated by substance P, VIP and TH fibres. Extrinsic denervation through the severing of nerve fibres in the mesentery caused TH fibres in the intestine to degenerate, but had no detectable effect on the fibres with substance P or VIP immunoreactivity.
Myectomy (the removal of the myenteric plexus from the full circumference of the intestine over a distance of 2-3cm), performed 7-13 days before tissue was taken, resulted in an almost complete loss of substance P fibres from the circular muscle of the colon and the outer circular muscle of the small intestine. However, many fibres persisted in the deep muscular plexus of the small intestine, and most fibres remained in its inner circular muscle. The changes in distribution of VIP fibres were almost identical, except that a small proportion of reactive fibres remained in the circular muscle of the colon and the outer circular muscle of the small intestine.
It is concluded that the circular muscle layers of the small intestine and colon have dual sources of intrinsic nerve supply: the myenteric ganglia supply fibres primarily to the outer part of the muscle and the submucous ganglia supply fibres to the inner muscle.
The present study further demonstrated that VIP fibres ran anally in the myenteric plexus of both the small and large intestine, whereas substance P fibres ran orally in the large intestine and both orally and anally in the small intestine. The innervation of the muscularis mucosae and mucosa by substance P and VIP fibres was not affected by myectomy or extrinsic denervation, and these structures are therefore likely to be innervated by nerve cells in the submucous ganglia.
The intrinsic innervation of the external musculature of the intestine is often assumed to arise from nerve cells in the myenteric plexus. This has only been directly demonstrated for the small intestine of the guinea-pig (WILSON et al., 1987) , whereas in the rat a portion of the Innervation of the circular muscle of the small intestine and colon probably originates from submucous neurons (EKBLAD et al., 1987 (EKBLAD et al., , 1988 . Recent physiological studies by SANDERS and SMITH (1986) indicate that the inner part of the circular muscle in the dog proximal colon could be innervated by neurons with cell bodies in submucous ganglia. They observed that microinjection of acetylcholine into the interface of the submucosa and circular muscle evoked junction potentials in circular muscle cells. These potentials were blocked by the nerve blocking agent tetrodotoxin or the nicotinic antagonists, hexamethonium or curare. Other results point to the inner circular muscle having different properties from the outer circular. In the small intestine of many species, including the dog, the inner layer consists of smaller, more darkly stained muscle cells than the outer layer and the two layers are separated by a dense plexus of nerve fibre bundles, the deep muscular plexus (CAJAL, 130 J. B. FURNESS et al.: 1911; LI, 1940; TAXI,1965; GABELLA, 1972 GABELLA, , 1974 FAUSSONE PELLEGRINI, 1983; DANIEL et al., 1985; FURNESS and COSTA, 1987) . In the dog small intestine, this inner layer has a high density of binding sites for substance P and substance K (neurokinin A), whereas the outer layer has a low density of binding (MANTYH et al., 1988) . Electrophysiological studies in the small intestine of the cat, dog, human, opossum and rabbit indicate that slow wave activity originates from the inner circular muscle, or the boundary between the inner and outer circular muscle layers, as well as from cells at the outer surface of the circular muscle (HARA et al., 1986 ).
An inner circular muscle layer exists in the colon of some species, such as man (FAUSSONE PELLEGRINI and CORTESINI, 1984) and the mouse (FAUSSONE PEL-LEGRINI, 1985) . In these species, a deep muscular plexus lies between the two layers of circular muscle; further, in the mouse a second similar plexus of neurites is at the inner surface of the circular musculature, at the boundary of the submucosa. This nerve plexus was described by STACH (1972) and called the plexus entericus extremus, a terminology subsequently adopted by other authors (FAUSSONE PELLE-GRINI, 1983; CHRISTENSEN and RICK, 1987) . The canine colon does not have an inner layer of specialized smooth muscle and, similar to most other mammals, has a dense plexus of nerve fibre bundles at the surface adjacent to the submucosa (BEREZIN et al., 1988) .
In consideration of the special nature of the inner layer of the circular muscle in the canine small intestine and the possibility that this part of the muscle in both the colon and small intestine might receive a different innervation than the bulk of the circular muscle, we have investigated the source of its innervation.
MATERIALS AND METHODS

Surgery
Adult (25-30kg) mixed breed dogs (5 male, 1 female) were fasted overnight (except for free access to water) prior to surgery.
Pre-operative care and anesthesia Thirty minutes before anesthesia, all dogs were premedicated with acetylpromazine (0.04mg/kg) and atropine (0.04mg/kg), both intramuscularly.
In each dog, an intravenous catheter was placed in a subcutaneous forelimb vein for administration of drugs and poly-ionic physiologic solutions. Anesthesia was induced either by a combination of diazepam (0 .33mg/ kg) and ketamine (5mg/kg) (dogs 1 through 4) or by thiamylal (10mg/kg) (dogs 5 and 6), both intravenously. After endotracheal intubation, anesthesia was maintained by inhalation of isofluorane in 100% oxygen. A continuous intravenous infusion (3-5ml/kg/h) of lactated Ringer's solution was begun in each dog.
In all dogs, the hair of the abdomen was clipped and the skin was prepared aseptically using a povidoneiodine solution. The abdomen was approached through a ventral median celiotomy.
Denervation procedures
In total, eight myectomies, two combined with extrinsic denervation, were made in the small intestine and six myectomies, two with extrinsic denervation, were made in the colon. Tissue was taken either 7 or 13 days after operation.
In dogs 1 and 2, a proximal section of jejunum was isolated and exteriorized. A circumferential myectomy of a 2-3cm segment of jejunum was performed as previously described COSTA, 1979, 1987) . The jejunum was incised to the submucosa by two circumferential myotomy incisions that were placed approximately 2-3cm apart. The separation was dictated in part by minor branches of mesenteric vessels that were ligated and divided as needed. The longitudinal muscle was then stripped away circumferentially and removed completely from between the two myotomy incisions. Remnants of longitudinal muscle and myenteric plexus that persisted after circumferential myectomy were gently removed with a saline-soaked gauze. A ligature was placed as a marker around the major mesenteric vessels supplying the operated site. Hemorrhage was controlled by transient application of direct pressure. The same procedure was performed in a more distal section of jejunum and in the proximal part of the descending colon of each dog.
In dogs 3 and 4, circumferential myectomies were performed at the same sites as in dogs 1 and 2. In addition, the mesenteric nerves along the major mesenteric artery supplying the proximal myectomy site in the small intestine and the colonic myectomy were completely isolated and divided. Isopropyl alcohol was dropped onto the neuroectomy site in each case to assure the thoroughness of the extrinsic denervation.
In dogs 5 and 6, circumferential myectomy was performed on the proximal colon, 10cm from the ileo-colic orifice. In dog 5, dorsal and ventral truncal vagotomy and celiac ganglionectomy at the level of the left gastric artery were also performed. In dog 6, a ventral truncal vagotomy only was performed. A Fredet-Ramstedt pyloroplasty was performed for both dogs.
Anesthetic recovery and post-operative care After closure of the abdomen, all dogs were placed on a warm blanket, extubated, and allowed to fully recover from anesthesia.
Intravenous fluids were discontinued 24h after surgery. Analgesia was provided by intermittent intramuscular administration of nalbuphine (1mg/kg) up to 3 days after surgery. Ampicillin (10mg/kg, t.i.d.) was administered intramuscularly for the first 5 days after surgery.
Dogs were offered water and drank readily 12 to 18 h after surgery. Food was withheld for 24h, after which the dogs were fed a slurry of canned dog food and warm water three times a day for the first 3 days, and twice a day thereafter for the duration of the study. By two days after operation the dogs were healthy and active.
Tissue preparation for immunohistochemistry
Seven days after surgery (13 days in dogs 1 and 2), the dogs were tranquilized by an intramuscular injection of acetylpromazine (0.04mg/kg) and then euthanatized by an intravenous bolus of T-61 (Hoechst Pharmaceuticals). This is a non-barbiturate, nonnarcotic mixture that induces local and general anesthesia and muscle relaxation; death results rapidly from severe central nervous system depression, hypoxia, and circulatory collapse.
Operated intestinal and colonic regions were removed and placed in phosphate-buffered saline. Control samples were taken more than 10cm from the operations and also from 4 unoperated dogs. Each tissue segment was trimmed, opened along the mesenteric border and mounted by pinning on balsa wood, and immersed in fixative overnight at 4C.
Fixation was in a mixture of 2% formaldehyde plus 15% of a saturated solution of picric acid in 0.1M phosphate buffer, pH 7.4. The fixative was removed by soaking the tissue for 10-20min in 3 washes of dimethylsulphoxide, which was in turn removed by 3 changes of PBS (phosphate buffered saline, consisting of 0.9% NaCI in 0.01M phosphate buffer at pH 7.0). Tissue was then placed in PBS containing 30% sucrose and 0.1% NaN3. Tissue sections of a 12am thickness (7um for double staining) were taken on a cryostat and mounted on glass slides. They were dried against the slides and then exposed to primary antisera (see Table 1 ) that were diluted in 0.1M sodium phosphate buffer containing 0.5% triton. For simultaneous staining of substance P and VIP fibres, a mixture of primary antisera was used. Incubation in primary sera was at 4C overnight. Antiserum was washed off with phosphate buffer and the sections were then exposed to labelled secondary antiserum. For single staining, this was fluorescein coupled swine anti rabbit serum (Dako, Copenhagen). For double staining, a combination of biotinylated goat anti rabbit serum linked to a streptavidin-Texas red conjugate and fluorescein coupled sheep anti rat antiserum was used (see FURNESS et al., 1989) . Sections were washed in PBS and mounted under cover glasses in buffered glycerol for microscopy.
RESULTS
Colon
Immunoreactivity for NSE, which is a general marker used to visualize the complete nerve fibre population (MARANGOS and SCHMECKEL, 1987) , revealed numerous small nerve fibres throughout the thickness of the circular muscle and a dense plexus of nerve fibres at the extreme inner margin of the muscle (Fig. 1) . Fibres with substance P reactivity and those with VIP reactivity had a similar distribution to that revealed by NSE. Simultaneous localization of substance P and VIP (see Methods) showed these peptides to be in separate fibres within the muscle. Antibodies to NSE revealed nerve trunks and prominent ganglia in the myenteric plexus at the outer surface of the circular muscle.
At 7 and 13 days after myectomy, no myenteric Fig. 1 . Distribution of nerve fibres in the external musculature of the canine colon, revealed by staining for NSE. Fibres are found in the longitudinal muscle (lm), the myenteric plexus, including its ganglia (asterisk) and the circular muscle (cm). A dense plexus of nerve fibres is shown at the inner surface of the circular muscle (arrowheads). Calibration: 100um
Figs. 2-7. Effects of myectomy, performed 7 days before tissue was taken, on the nerve fibre distribution in the inner part of the circular muscle of the canine colon. Immunoreactivity for NSE, substance P (SP) and vasoactive intestinal peptide (VIP) is shown for control regions (c) and regions beneath the operation site, in which the overlying myenteric plexus was removed (op). Calibration: 50um
Figs. 8-12. VIP innervation of the circular muscle of the canine colon, oral (0) and at 1mm to 5mm anal (A) to a myectomy that severed the myenteric plexus. Each micrograph shows an area of the outer circular muscle, with the myenteric plexus in the upper part of the micrograph (asterisks in Figs. 8-10 ). VIP innervation is normal oral to the operation but is depleted on the anal side with a gradual return to normal at 5-6mm anal to the lesion. Calibration: 50um Substance P, VIP and TH Nerves in Canine Intestine 133 ganglia could be found at the operation site with antibodies to NSE, substance P or VIP. Within the muscle from which the myenteric plexus had been removed, the number of fibres having immunoreactivity for NSE or for VIP was substantially reduced (Figs. 2, 3, 6, 7) , while almost all substance P fibres disappeared (Figs. 4, 5 ). NSE and VIP reactive fibres that survived under the myectomy were mostly in the inner half of the circular muscle. The loss of VIP fibres extended anally beyond the myectomy (Figs. 8-12 ). At the oral margin, the innervation of the circular muscle by VIP fibres appeared normal, whereas for about the first anal 1mm, the outer muscle was almost devoid of reactive fibres (Fig. 9) . The innervation of the muscle then increased in density to become normal at about 5-6mm anal to the myectomy (Fig. 12) . Substance P and VIP fibres showed opposite polarities in the myenteric plexus of the colon (Figs. 13-18 ). For substance P, accumulations of immunoreactivity were seen in swollen fibres at the cut edges of the plexus, anal to the myectomy (Fig. 14) . Accumulations were not observed orally. Consistent with this direction of projection, a loss of immunoreactive fibres was observed in myenteric ganglia for a short distance, about 1-2mm, oral to the operation sites (Fig. 13) , but not on the anal side. Distended fibres with strong immunoreactivity for VIP were seen in cut nerve strands in the myenteric plexus at the oral margins of the myectomy (Fig. 17) , but not on the anal side. The density of innervation of myenteric ganglia oral to the lesion appeared normal (Fig. 16 ). In contrast, very few fibres remained in ganglia near the operation sites on the anal side (Fig. 18) . The density of VIP innervation of ganglia increased further anally, reaching its normal density at about 8mm.
Small intestine
The circular muscle of the small intestine was divided into a broad outer and a narrow inner layer by a prominent network of nerve fibre bundles, the deep muscular plexus, that was readily revealed by each of the markers (Figs. 19-21 ). Simultaneous stainFigs. 13-18. Polarity of substance P (SP) and VIP neurons in the myenteric plexus of the canine colon. All micrographs are from sections taken parallel to the long axis of the intestine and at right angles to its surface. The longitudinal muscle is at the top, the circular muscle below, with the myenteric plexus in between. For substance P, a decrease is shown in the density of the innervation of myenteric ganglia in the first few mm oral (O) to myectomy (Fig. 13) , an accumulation is seen in the cut fibre strands immediately anal to the lesion (Fig.  14) , whereas the innervation of ganglia anal (A) appears normal (Fig. 15) . VIP innervation is normal in ganglia on the oral (O) side (Fig. 16) , accumulation is seen in oral cut strands (Fig. 17) , and a depletion, anally (Fig. 18) . In Fig. 17 , some anally-directed regrowth of fibres can be seen at the right of the micrograph. In Fig. 18 , a bright VIP immunoreactive nerve cell is seen. It is common for VIP cells to have a stronger than normal reaction anal to the operation. Calibration: 50um ing for substance P and VIP showed these substances to be in separate fibres in the circular muscle. NSE also showed up as an almost continuous band of nerve fibres and ganglia at the level of the myenteric plexus (Fig. 19) . Small and medium sized nerve bundles were found throughout the thickness of the outer circular muscle, and small nerve bundles were in the inner circular muscle (Figs. 19, 22) . Most of these nerve bundles ran approximately parallel to the circular muscle, and can be seen in cross-section in the figures. Larger nerve bundles that ran perpendicular to the circular muscle coat were also encountered in sections stained for NSE or VIP (Fig. 19) .
After the myectomy operations, a complete
Figs. 19-22. Nerve fibre distribution in the circular muscle of the canine small intestine. NSE immunoreactivity is shown in the myenteric plexus (asterisk), in fibres of the outer circular layer (oc), in the deep muscular plexus (arrowheads) and in the inner circular layer (ic, Fig. 19 ). Substance P (SP, Fig. 20) and VIP (Fig. 21) can be seen also in fibres of the outer circular (oc) and inner circular layers (ic) as well as in the deep muscular plexus between these layers. Fig. 22 shows VIP fibres throughout the outer circular layer. The myenteric plexus is at the top of the micrograph. Calibrations in corresponding figures below.
Figs. 23-26. Fibre distribution in the circular muscle beneath a myectomy, in which the overlying myenteric plexus was removed. Fig. 23 shows that the myenteric plexus was successfully removed; the outer surface of the remaining circular muscle is indicated by the arrows. The number of fibre profiles in the outer circular muscle was reduced after the operation. Numerous fibres are still present in the deep muscular plexus (arrowheads). absence of the myenteric plexus was confirmed in sections labelled for NSE immunoreactivity (Fig. 23 ). Nevertheless, a reduced population of nerve fibre bundles remained in the circular muscle and in the deep muscular plexus. A differential loss of substance P nerve fibres occured beneath the myectomy; there was an almost complete loss of reactive fibres from the outer circular muscle, but innervation of the inner circular muscle was not detectably changed (Figs. 20, 24) . The number of substance P fibres in the deep muscular plexus was substantially reduced. The density of VIP fibres in the outer circular muscle was substantially reduced under myectomy., though many VIP reactive fibres persisted in the deep muscular plexus (Figs. 21, 25) . The density of VIP fibres within the inner circular varied between sections even in controls, but no noticeable change was seen after myectomy. Extrinsic denervation by interrupting fibres in the mesentery caused no additional loss when this operation was combined with myectomy. The penetrating nerve fibre bundles that ran perpendicular to the circular muscle still contained many fibres that were immunoreactive for VIP in areas from which the myenteric plexus had been removed. In some cases connections between these fibres and ganglia or nerve strands of the submucous plexus could be found (Fig. 26) .
In the myenteric plexus, the projections of fibres with substance P or VIP immunoreactivities previously described by DANIEL et al. (1987) were con-
Lack of effect of myectomy on VIP and substance P (SP) fibres in the mucosa. Control (c) and operated (op) areas of the small intestine and colon are shown. lu indicates the lumen. Note the preponderance of substance P fibres near the outer mucosa in the colon (Figs. 29, 30 ). Calibration: 100um
Figs. 31 and 32. Lack of effect of myectomy on the innervation of the muscularis mucosae. The muscularis mucosae runs across the micrographs, between the arrowheads. Above it is submucosa, below, the bases of mucosal glands. The muscularis mucosae consists of an outer longitudinal and inner circular layer. These examples show SP in a normal region of the small intestine and under a myectomy. Calibration: 50um
Figs. 33 and 34. VIP immunoreactivity in submucous ganglia of the small intestine, close against the inner circular (ic) muscle (Fig. 33) and amongst the connective tissue of the submucosa (Fig. 34) . Arrows indicate reactive nerve cell bodies. Calibrations: 50um
firmed. The accumulation of substance P immunoreactivity occurred in cut myenteric nerve strands at both the oral and anal margins of the myectomy, whereas VIP immunoreactivity was found only in cut nerve fibres on the oral side. Little or no deficit in the substance P fibres of myenteric ganglia adjacent to the lesions was observed. VIP fibres were unaffected oral to the lesions but were markedly depleted in ganglia of the first anal 2-3mm.
The density of innervation returned to normal at about 5-6mm anal to the myectomy.
Submucosal and mucosal innervation
The mucosa of both the colon and the small intestine was densely innervated by substance P and by VIP immunoreactive fibres; these patterns of innervation were not altered by myectomy or extrinsic denervation (Figs. 27-30 ). The muscularis mucosae in both regions of the intestine had a similar structure and innervation. It had an outer longitudinal and an inner circular layer of almost equal thickness. Both layers were innervated to a moderate density by substance P immunoreactive fibres (Fig. 31) , and were sparsely supplied by fibres immunoreactive for VIP. The innervation of the muscularis mucosae by these two fibre types was not altered by extrinsic denervation or by mectomy (Figs. 31, 32) .
Two layers of submucous ganglia were found: a group of ganglia that lay close against the inner surface of the circular muscle (Fig. 33) and ganglia lodged deeper in the submucosa (Fig. 34) . Both sets of ganglia contained numerous nerve cell bodies and a moderate number of nerve terminals immunoreactive for VIP. Substance P reactive nerve cell bodies were faint in both sets of ganglia and could not be seen in every preparation.
Nerve fibres with substance P immunoreactivity occurred in basket-like arrangements and did not appear to innervate all the nerve cells of the ganglia. No change in the reactive fibre numbers in the submucous ganglia was detected after either operation. However, a small reduction could conceivably escape detection in this tissue, which was sectioned at right angles to the plane of the ganglia in Figs. 35-41 .
The distribution of noradrenergic fibres revealed by TH immunoreactivity in the canine intestine. Reactive nerve fibres are found at the surfaces of control (cont) myenteric ganglia (Fig. 35) ; in this example a myenteric ganglion of the colon is shown. These fibres, like other TH fibres in the bowel wall, disappear in extrinsically denervated preparations (den). Figs. 37-39 show fibres in the outer circular, inner circular and longitudinal muscles of the small intestine. Reactive fibres in the circular muscle of the large intestine are shown in Fig. 40 , and in Fig. 41 , the sparse innervation of the muscularis mucosae is shown. Calibrations: 50um Substance P, VIP and TH Nerves in Canine Intestine 137
order to aid the analysis of innervation of the circular muscle.
Noradrenergic nerve fibres
The distribution of noradrenergic fibres was determined by examining the distribution of the synthesizing enzyme, TH. Immunoreactivity was located in nerve fibres with similar distributions in the small intestine and colon (Figs. 35-41) . No reactive nerve cell bodies were seen. Immunoreactive fibres lay in nerve bundles in the longitudinal muscle and in numerous nerve fibre bundles in the circular muscle (Figs. 37, 38) . The fibres were located around the surfaces of myenteric ganglia and more rarely in the centres of such ganglia (Fig. 35) . Networks of TH reactive fibres surrounded arterioles within the gut wall and varicose fibres supplied the submucous ganglia. No reactive fibres could be found in the mucosa. Following extrinsic denervation by the severing of paravascular nerve bundles in the mesentery, TH immunoreactivity disappeared from the denervated area of the gut wall (Figs. 35-41 ). In contrast, extrinsic denervation had no detectable effect on the innervation of the muscle, ganglia or mucosa by substance P or VIP fibres.
DISCUSSION
Figures 42 and 43 summarise the distributions and projections of substance P and VIP neurons in the canine colon and small intestine. Figure 44 shows the distribution of noradrenergic nerve fibres.
The present results strongly point to there being two intrinsic sources of innervation of the circular muscle in the small intestine and colon in the dog. The myenteric plexus supplies substance P fibres to the outer circular muscle in the small intestine and to the entire circular muscle in the colon, and it supplies the majority of VIP fibres to the outer circular muscle of the small intestine and to the colonic circular muscle. Fibres that survive both myectomy and extrinsic denervation to reach the circular muscle must likely be from the submucosa. Thus, it seems that the majority of substance P and VIP fibres that supply the inner circular muscle of the canine small intestine, and a proportion of fibres in the deep muscular plexus, arise from nerve cells in the submucous ganglia, where both substance P and VIP immunoreactive cells are found. Another possibility is that the fibres originate from the myenteric plexus, enter the submucosa and run along the gut before returning to the muscle. EKBLAD et al. (1987 EKBLAD et al. ( , 1988 concluded that a portion of circular muscle innervation in the rat comes from submucous nerve cells. In the small intestine, they found that myectomy caused a complete loss of substance P, somatostatin and enkephalin fibres, but that a minority of neuropeptide Y/VIP fibres persisted in the circular muscle (EKB-LAD et al., 1987) . In the colon, myectomy resulted in a loss of substance P, somatostatin, galanin and enkephalin fibres, but a proportion of VIP fibres remained (EKBLAD et al., 1988) . In the rat the specialized inner circular layer is only one to two-cell thick (GABELLA, 1974) , and nerve fibres specifically associated with this layer are not readily distinguished by light microscopy. Nevertheless, micrographs published by EKBLAD et al. (1987) clearly show that VIP fibres that survive beneath a myectomy are in the outer circular muscle. The results in the dog and rat contrast with the situation in the guinea-pig small intestine, where all intrinsic innervation of the circular muscle degenerates beneath a myectomy in which the overlying myenteric plexus is removed (WILSON et al., 1987) .
The differences in innervation of the circular muscle between the guinea-pig and dog may be related to differences in the ganglia of the submucosa. In many species the ganglia of the submucosa form outer and inner plexuses, first clearly described as separate entities by SCHABADASCH (1930) . STACH (1977a, b) has proposed that the outer plexus, which lies closer to the external musculature, should be called Schabadasch's plexus and that the inner plexus, whose form seems similar to MEISSNER' s (1857) original description of a plexus in the submucosa, should be called Meissner's plexus. GUNN (1968) confirmed SCHABADASCH'S observations that the two plexuses can be distinguished by form and the sizes of their ganglia. She regarded the outer ganglionated plexus as similar to the myenteric plexus and proposed that it contained motor neurons for muscle control. The shapes, histochemical staining, and patterns of innervation of nerve cells of the two plexuses also differ (GUNN, 1968; SCHEUERMANN and STACH,1984; SCHEUERMANN et al., 1989; STACH, 1989) . In the guinea-pig small intestine, submucous ganglia vary in size, but are otherwise similar to each other in the types of nerve cells and fibres that they contain (WILSON et al., 1981; FURNESS et al., 1984; BORNSTEIN and FURNESS, 1988) . Nerve cell bodies of these guinea-pig ganglia do not project to the circular muscle, whereas many protect to the mucosa, and the ganglia appear to be concerned predominantly with the control of water and electrolyte movement across the mucosal epithelium (BORNSTEIN and FURNESS, . The distribution of noradrenergic (TH reactive) nerve fibres in the wall of the canine intestine. The distribution was similar for the small intestine and colon. In contrast to many other species, the dog has numerous noradrenergic fibres within the muscle layers of both these regions. 1988). The guinea-pig small intestine might thus be regarded as only having an inner submucous plexus. There might also be relevance in that the muscularis mucosae is prominent in the dog intestine, but extremely scanty in the guinea-pig small intestine. The innervation of the canine muscularis mucosae was unaffected by removal of the myenteric plexus; thus, this muscle is probably supplied by neurons with cell bodies in submucous ganglia. To our knowledge, the origin of the intrinsic innervation of the muscularis mucosae has not been investigated in any other species.
Over the last ten years, considerable progress has been made in the analysis of the projections of neurons in the enteric nervous system (EKBLAD et al., 1987 (EKBLAD et al., , 1988 FURNESS and COSTA, 1987; FURNESS et al., 1989) . Most of this work has been done in the guineapig and rat. Substantial differences, as well as points of similarity, were found between these two species. The present work shows that fibre distributions and projections in dog intestine have some similarities, as well as differences in relation to the other species. Amongst the similarities that have been found is that VIP fibres are in descending pathways in the small and large intestines of each of the species, and that the majority of fibres in the mucosa come from the submucous plexus. On the other hand, aspects of the supply of substance P and VIP fibres to the circular muscle are different for each of the three species, as discussed above. It therefore seems that detailed structural and functional analyses will be necessary in a number of species before general conclusions can be made about the organization of mammalian enteric neural circuitry.
A note on the nomenclature. CAJAL (1911) first described a dense plexus of nerve fibres at or near the inner surface of the circular muscle. He described this plexus without specifying whether he was referring to the small or to the large intestine. He also used two names for it: the plexus sous-musculeux and the plexus musculaire profond. He described the plexus as lying at the inner surface of the circular muscle. Thus he described a plexus identical in location to the network of fibres given the name plexus entericus extremus by STACH (1972) . LI (1937) pointed out that the small intestine of many vertebrates (the bat, carp, cat, dog, frog, guinea-pig, hen, human, mouse, rabbit, snake and toad) has an inner circular layer of smooth muscle cells; the term deep muscular plexus has been adopted for the plexus of fibres that lies between this layer and the outer circular muscle (e.g., GABELLA, 1972 GABELLA, , 1974 . This definition of the deep muscular plexus is so entrenched that it would seem sensible to retain it. This leaves us with the naming of the plexus against the internal surface of the circular muscle. Should it be called the sub-muscular plexus after CAJAL (1911), or the plexus entericus extremus after STACH (1972) ? Of the two terms, sub-muscular plexus would appear to have historical precedence and to better indicate the location of the plexus.
